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Effect of Substitutional Doping on Temperature Dependent Electrical 
Parameters of Amorphous Se-Te Semiconductors
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Steady state current-voltage characteristics of the amorphous (Se80Te20)98Y2 (Y = Ag, Bi, Ge, Cd) semicon-
ductors at different temperatures are reported. The measurements were performed using direct-current voltage
bias to understand the basic conductivity mechanism and to evaluate the impact of each substituent on electrical
response. The space charge limited conduction mechanism, and the density of states near Fermi level have
been calculated. The difference in electrical response due to different substitutions in the glassy matrix is
analyzed. 
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1. INTRODUCTION

Chalcogenide glasses have emerged as prospective

materials with their flexible synthesis approach for modern

device applications.[1-5] These applications can be altered

with impurities as per application requirement. Se based

glasses have tremendous applications but problem lies in

their thermal stability. Thermal stability can be improved by

alloying Se with certain impurities e.g. Sb, Bi, Te etc.[6-8] But,

still Binary chalcogenide glasses suffer from thermal

stability, lower crystallization temperature and aging effects

etc.[9-14] Properties of binary chalcogenide glasses have been

improved by several researchers.[15-17] Current-voltage (I-V)

characteristics for semiconductors (amorphous or crystalline)

provide information regarding various junction properties

viz. rectification ratio, diode quality factor, reverse saturation

current, the series and the shunt resistance.[18] The electronic

conductivities of chalcogenide glasses are governed by the

nature of the chalcogen and for selenium the valence band

bottom is formed by ion-pair states and the antibonding

states represent the conduction band.[19] However, in a glass

containing large amounts of Te, the band gap decreases

(~1 eV), and the metallic character increases.[20,21] It has been

reported that Se-Te alloys have more advantages than a-Se

from the technological point of view due to their greater

hardness, higher crystallization temperature, higher photo-

sensitivity and smaller ageing effects.[22] Addition of Te

brings about changes in Vander Waals bonds or interchain

secondary bonds, because the Te atom is larger than the Se

atom and has more electrons in its orbital. Therefore, one can

argue that Te addition leads to increase in secondary bonding

between chains. Te addition will also increase the valence

alteration pair (VAP) type defects.[23]

I-V characteristics of amorphous semiconductors have

been investigated by various researcher[24-26] and the con-

duction in amorphous semiconductors is mainly ascribed to

the Space Charge Limited Conduction (SCLC) or Schottky

emissions or Poole-Frenkel emissions. These semiconductors

have intrinsic defects in the forbidden gap and the density of

these defect states governs various physical properties.

These defect states in material play an important role to

determine device applications. Therefore, exact calculation

of density of states is essential. These states can be

calculated from the measurement of space charge limited

current at high electric fields. In case of uniform traps, space

charge limited conduction mechanism is used for the

calculation of density of these states near the Fermi level.

Here, we report the electrical properties of amorphous Se-

Te and their variation with different substituent (Ag, Bi, Ge,

Cd). The current - voltage curves were analyzed to intrinsic

resistivity, carrier concentration and to highlight a basic

conduction mechanism in the material.

2. EXPERIMENTAL PROCEDURE

Glasses of (Se80Te20)98Y2 (Y = Ag, Bi, Ge, Cd) compositions
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have been synthesized using melt-quench technique. The

detailed experimental procedure is given elsewhere.[20,21] X-

ray diffraction technique is used to check the amorphous

nature of samples. For electrical analysis (Keithley, model

6487) bulk samples were used in pellet (1 mm thickness,

10 mm diameter, load of ~10 ton) form. The pellets coated

with silver paste were put on a specially designed sample

holder, in which a vacuum of 10−3 mbar was maintained

throughout the measurements. The experiments were

performed at different ambient temperatures (35°C - 75°C)

using a PID temperature controller. At least 10-minutes

stabilization time was put into operation at each temperature

before performing the I-V measurements. 

3. RESULTS AND DISCUSSION

The application of sufficiently high electric fields to any

material eventually results in deviations from linearity in the

current-voltage (I-V) characteristics. Generally, two classes

of explanations for such non-ohmic effects are accepted.

Firstly, due to thermal effects, the electrons accelerated by

the field always emit phonons in an attempt to return to

equilibrium. Secondly, electronic effects introduce changes

in response of the charge carriers to high applied fields. So,

the electronic momentum is now altered due to the collision

with generated phonons. Added to this, the high electric field

strengthens the defect mobility and impurity scattering in

these amorphous semiconductors. Therefore, the combined

effect of temperature and high field is depicted as non-

linearity in the I-V characteristics shown in Fig. 1. So, in the

studied voltage range, current increases linearly for low

voltage (0 - 20 V) and thereafter missed the linearity for all

the studied samples. Probably the ohmic conduction

mechanism is altered due to temperature and high bias

voltages. Therefore, all subsequent analysis of grown

samples was performed within 0 - 20 V range, which is

normally the maximum range for all electrical applications.

The maximum experimental temperature was restricted to

75°C, due to the stability consideration of amorphous phase.

Basically, the stability is governed by the glass transition

temperature. In our samples, this alarming temperature is

81°C maximum for Ge substitution.
[27]

The excellent linearity in I-V characteristics, shown at all

temperatures and for all samples (Fig. 2), clearly indicate the

validity of Ohm’s law. The d.c. resistance (R) is calculated

from the slopes of I-V curves, and using the formulae

(R = ρl/A), the d.c. resisitivity (ρ), is calculated. Subsequent

plot of ln(ρ) vs 1000/T is shown in Fig. 3(a). The plot of

ln(ρ) vs. 1000/T clearly indicates the semiconducting nature

of the samples. The resistivity is decreasing with increase in

temperature for all samples. The slope of the linear variation

in resistivity plot is used to calculate activation energy. The

activation energy (Ea) corresponding to charge transfer and

the intrinsic resistivity ρ0 are calculated from

. (1)

The charge carrier concentration for investigated samples

are calculated using the relation:[28]

. (2)

Figure 3(b) clearly points that with increasing temperature,

the charge carrier concentration increases. Charge carrier

concentration is found to be maximum for Ag substitution

and varies as (nσ)Ag > (nσ)Bi > (nσ)Ge > (nσ)Cd. This variation

can be explained on the basis of decrease in activation

energy (Fig. 3(c)). A decrease in activation energy also

accounts for an increase in the localized states and further

increasing localized states will lead to a decrease in optical

band gap. The optical band gap results support our present

research.[29]

For a uniform distribution of localized states having

density g, current I, at voltage V, the conduction mechanism

could be understood by using space charge limited

conduction (SCLC).[30]

(3)

where e electronic charge, A area of cross section, µ

permeability, no density of free charge carriers, d electrode

spacing, and S is given by:

(4)

where εr is the static dielectric constant. The values of εr
are (Se80Te20)100-xAg2= 10.64, (Se80Te20)100-xBi2= 9.847,

(Se80Te20)100-xCd2= 6.76, (Se80Te20)100-xGe2= 10.517;[29] εo is

permittivity of free space, k is Boltzmann constant. The
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Fig. 1. Comparative I-V (0 - 60 volts) of amorphous (Se80Te20)98Y2

(Y = Ag, Bi, Ge, Cd) semiconductors at room temperature.
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Fig. 2. Comparative I-V of the linear zone (0 - 20 volts) for amorphous (Se80Te20)98Y2 (Y = Ag, Bi, Ge, Cd) semiconductors at different tempera-
tures.

Fig. 3. For amorphous (Se80Te20)98Y2 (Y = Ag, Bi, Ge, Cd) semiconductors at different temperatures; (a) Resistivity variation, (b) Charge carrier
concentration variation, (c) Comparative plot of semiconducting parameters, (d) Slope of (ln(I/V) vs. V) vs. (1000/T). 
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value of S is obtained from the slope of ln(I/V) vs. V plot

(Fig. 4). The obtained slopes are plotted vs. (1000/T) in Fig.

3(d).

From Fig. 3(d), it is clear that for (Se80Te20)100-xAg2 sample,

slope is negative and increases with an increase in

temperature. However, for other three samples, slope is

decreasing with increase in temperature; this implies that

SCLC mechanism is not applicable for (Se80Te20)100-xAg2.

The SCLC mechanism is a bulk and thin film phenomenon.

However, it is more prominent in thin films. Kumar et al.[31]

reported the observation of SCLC mechanism for minimum

silver substitution (with Se92Te4Ag4 films). In our studies

with bulk samples, the silver concentration is much lower

(2 at. %) than that reported by Kumar et al.[31] So, it is

obvious that such low concentration of silver in bulk

samples will not favor SCLC mechanism. Comparing the

electronegativity values of Se (2.55), Te (2.1), Bi (2.02), Ge

(2.01), Cd (1.69), one can expect that when dopants like Bi,

Ge, and Cd are introduced in Se-Te matrix, positively charged

defects will be created.[30] The addition of electropositive

elements to Se-Te alloy (having higher electronegativity)

creates defect states within the forbidden gap. This can also

be correlated with the activation energy values. Compositions

with higher defect states will have lower activation energy.

Therefore it is evident from the Fig. 3(c) that Bismuth

addition will have higher defect states compared to Germanium

and Cadmium. Further, the calculated electronegativity values

(Table 1) also shows a decreasing order.[32]

Fig. 4. ln(I/V) vs. V plot for (Se80Te20)98Y2 (Y = Ag, Bi, Ge, Cd) semiconductors at different temperatures.

Table 1. Values of charge carrier concentration at 30°C and density of states (g).

Alloy
Concentration of charge 

carriers at 30°C (m−3)
Slope (from Fig. 3(d)) g (eV−1m−3) Electronegativity

(Se80Te20)98Ag2 1.648 × 1014 - - -

(Se80Te20)98Bi2 2.905 × 1013 1.9334 × 10−3 1.63 × 1018 2.4434

(Se80Te20)98Ge2 3.704 × 1012 2.6563 × 10−3 1.27 × 1018 2.4431

(Se80Te20)98Cd2 3.141 × 1012 1.8647 × 10−3 1.16 × 1018 2.4346
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The slope of the linear zone (3.03 - 3.3 K−1) of Fig. 3(d) is

used to calculate the values of g using Eq. (4) (Table 1). The

samples following SCLC probably have large number of

localized defect states and these states act as trapping

centers for the charge carriers. As a matter of fact, charge

accumulation occurs between the electrodes after the field is

applied. This charge build up is responsible for SCLC

mechanism in these samples. Comparing the values of g for

the studied samples, it is obvious, that Bismuth substitution

is providing maximum number of defect states between the

valence and conduction band. This implies that the electronic

transition is now limited to small energy barriers. So, the

activation energy for Bi substituted sample must be lowest

(Fig. 3(c)). Similar studies were reported by Sharma et al.,

(Se0.75Te0.15Sn0.10)
[25] and Khan et al. (Se80Te18Pb2)

[24] with g

values 2.34 × 1014 and 2.13 × 1013 eV−1cm−3 respectively.

4. CONCLUSIONS

Current-Voltage characteristics for amorphous (Se80Te20)98Y2

(Y = Ag, Bi, Cd Ge) semiconductors reveal linearity upto

20 V. In linear region, we have calculated the intrinsic

resistivity, activation energy, and carrier concentration. The

activation energy (Ea) follows the inequality: (Ea)Ag< (Ea)Bi <

(Ea)Ge < (Ea)Cd. The intrinsic resistivity and the carrier

concentration have opposite trend: (nσ)Ag> (nσ)Bi > (nσ)Ge >

(nσ)Cd; (ρo)Ag> (ρo)Bi > (ρo)Ge > (ρo)Cd. Further, the space

charge limited conduction (SCLC) mechanism is evident in

Bi, Ge, Cd substitutions; however, silver substitution does

not show SCLC. The calculated density of states is highest

for bismuth substitution; this implies large number of defect

states in the forbidden gap which lowers its energy gap.
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